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 Abbreviated Structure Geotechnical Report 
 

Original Report Date: 12/23/20 Proposed SN: 079-0051 Route: FAP 312 

Revised Date: 3/2/21 Existing SN: 079-0005 Section: 74BR-2 

Geotechnical Engineer: Bill Kramer County: Randolph 

Structural Engineer: Josue Ortiz-Varela Contract: 76K25 
 

Indicate the proposed structure type, substructure types, and foundation locations (attach plan and elevation 

drawing):  The proposed structure will be on a new alignment and is expected to be a 3-span non skewed wide flange 
superstructure supported by integral abutments and solid wall encased pile bent piers.  The proposed roadway typical 
section will include 2 – 11 ft. lanes with 3 ft. paved and 4 ft. aggregate shoulder. 
Discuss the existing boring data, existing plans foundation information, new subsurface exploration and need for 
any additional exploration to be provided with SGR Technical Memo (attach all data and subsurface profile plot):   
The existing structure 079-0005 was originally constructed in 1952 as part of S.B.I. Rte. 3, Section 74B-1, Station 
577+42.00.  The 3-span wide flange beam structure has an out-to-out width of 34-0" and back-to-back of abutments 
length of 65'-3".  The superstructure is supported by solid-wall piers and pile-bent abutments on concrete piles.  The 
existing will continue to carry both lanes of traffic until the new structure construction is completed.  No existing soil 
borings were evaluated since the new borings are adequate. 
Provide the location and maximum height of any new soil fill or magnitude of footing bearing pressure.  Estimate 
the amount and time of the expected settlement.  Indicate if further testing, analysis, and/or ground 

improvement/treatment is necessary:   There is almost 18’ of new fill being placed to widen the embankment at the 
North Abutment according to the plan and elevation drawing (attached).  Due the soft nature of the soils below the new 
embankment, we requested testing and settlement analysis by the Central Bureau of Materials.  Their analysis indicated 
about 3.5” of settlement would occur over 40 months but with the installation of wick drains, the time could be reduced 
to about 3 months.  We recommend the final plans plan and elevation show wick drains under the North Abutment.  The 
plans will also require a specific sheet showing the spacing, plan limits (stations and offsets) and depth of the drains as 
well as details of the sand layer the drains will weep into allowing the water to escape the below the embankment.  The 
designer should contact the foundations unit for these requirements and a copy of the special provision.  A settlement 
plate will need to be added to the special provisions so allow the inspectors determine when the settlement is nearing 
completion. 

 
Identify any new cuts or fill slope angles and heights.  Estimate the factor of safety against slope failure.   Indicate if 
further testing, analysis or ground improvement/treatment is necessary:   The new fill being placed at the North Abut 
and the soft nature of the soils below the new embankment, we requested testing and slope stability analysis by the 
Central Bureau of Materials.  Their analysis indicates an adequate factor of safety with the exception of the extreme 
event I where it is as low as 0.628 FS.  A Newmark deformation analysis was performed which indicated 1.824” of 



embankment movement down and toward the stream.  Discussion with Mark Shafer shown below indicated this 
amount of movement was acceptable.   
 
Mark Shaffer:  The forthcoming Performance-Based Guidelines for seismic design give allowable settlements based off 
of fractions of the initial heights.  The first column (1/50) is for Life-Safety (bridge closed after event).  The second 
column (1/100) is for Operational (bridge only open to emergency vehicles after event).  The third column (1/250) is for 
Fully Operational (bridge open to all traffic after event). 

 
We typically are designing for the center column with structures on the NHS. So, for this structure, a 17.2 ft. tall 
embankment, would have and allowable settlement under the Operational classification equal to 17.2 ft. * 12 in. / ft. * 
(1 / 100) = 2.06 in. which is more than the expected embankment settlement. 
Indicate at each substructure, the 100-year and 200-year total scour depths in the Hydraulic Report, the non-
granular scour depth reduction, the proposed ground surface, and the recommended foundation design scour 

elevations:  The theoretical 100 year and 500 year scour depths are reported to be 5 feet from a district memorandum.  
Based on the soil type and strengths, this can be reduced by 50% which puts all scour elevations above the encasement 
at the piers.  In addition, rip rap is being placed complete across the opening to help defend against any scour that might 
develop.  
 

Event/Limit 
State 

Design Scour Elevations (ft.) 

South Abut. Pier 1 Pier 2 North Abut. Item 113 

Q100 387.73 361.75 361.75 386.81 

8 
 

Q200 387.73 361.75 361.75 386.81 

Design 387.73 361.75 361.75 386.81 

Check 387.73 361.75 361.75 386.81 
 

Determining the seismic soil site class, the seismic performance zone, the 0.2 and 1.0 second design spectral 

accelerations and indicate if that the soils are liquefiable:  Liquefaction is not an issue at this location due to the 
consistent cohesive soils which are unable to liquefy.  The seismic data required for the TSL plan is provided below:                               

Seismic Performance Zone (SPZ) = 2 
Design Spectral Acceleration at 1.0 sec. (SD1) = 0.293 
Design Spectral Acceleration at 0.2 sec. (SDS) = 0.681 

Soil Site Class = D 
Confirm feasibility of the proposed foundation or wall type and provide design parameters.   Provide factored 
bearing resistance and unit sliding resistance at various elevations and confirm no ground 
improvement/treatment is necessary where spread footings are proposed.  Estimated top of rock elevations as 
well as preliminary factored unit side and tip resistance values shall be indicated when drilled shafts are 

proposed:   End bearing H-Piles are recommended at this location due to the high seismic loads and relatively 
consistent top of rock elevation across the site.  They should be driven to their maximum nominal bearing values shown 
in bridge manual.  Since the borings are not particularly close to the new structure, we recommend two test piles, one at 
the South Abutment and the second at Pier 2.  Shoes will not be required.  HP12s or larger are recommend due to the 
length of the estimated length to avoid pile drift per the bridge manual.   The estimated pile length is shown in the table 
on the following page.   Due to the settlement at the site, downdrag on the piles must be either accounted for in the pile 
design or mitigated by precoring or requiring a waiting period.   We recommend mitigation my using a plan note and 
special provision giving the contactor the option to wait until 90% of the settlement has occurred or if the contactors 
prefers, they can precore the pile locations to elevation 362’ and drive the piles prior to settlement being completed.  
Our unit can be contacted during final design to develop the note and special provision.  As an alternative to the 
precoring or waiting, the piles can be designed to withstand the downdrag loads.  We have attached a table on the 
following page showing the required nominal required bearing, factored resistance available and estimated lengths for 
both the precored/waiting period option and the downdrag reduced capacity piles.  
Calculate the estimated water surface elevation and determine the need for Cofferdams (Type 1 or 2), and Seal 

Coat:   The estimated water surface elevation (EWSE) is 369.2 feet according to the planning computations.  The soils 
are cohesive, so no seal coat is required.   Since the bottom of the concrete encasement for the piers is at elevation 
361.75, we have almost 7.5 feet of water to retain which would require a Type 2 Cofferdams at both piers according the 
Bridge Manual.   
Assess the need for sheeting or soil retention or temporary construction slope and provide recommendation for 

other construction concerns:   Due to the new structure being located on a new alignment, stage construction will not 
be required.    



 

 North Abutment Pile Capacity/Length Table 

 
Pile Type Nominal Required Bearing 

Factored Resistance Available 
(Kips) Estimated Pile Length 

 
(Kips) 

Waiting or 
Precore 

Downdrag 
Reduced (Feet) 

HP12x53 418 230 169 65 

HP12x63 497 273 211 66 

HP12x74 589 324 261 66 

HP12x84 664 365 302 66 

HP14x73 578 318 245 65 

HP14x89 705 388 314 66 

HP14x102 810 445 371 66 

HP14x117 929 511 436 67 
 

 South Abutment Pile Capacity/Length Table 

Pile Type Nominal Required Bearing Factored Resistance Available  
(Kips) 

Estimated Pile Length 
 (Kips) (Feet) 

HP12x53 418 230 66 

HP12x63 497 273 67 

HP12x74 589 324 67 

HP12x84 664 365 67 

HP14x73 578 318 66 

HP14x89 705 388 67 

HP14x102 810 445 67 

HP14x117 929 511 68 
 

 Pier 1 Pile Capacity/Length Table 

Pile Type Nominal Required Bearing Factored Resistance Available  
(Kips) 

Estimated Pile Length 
 (Kips) (Feet) 

HP12x53 418 230 63 

HP12x63 497 273 64 

HP12x74 589 324 64 

HP12x84 664 365 64 

HP14x73 578 318 63 

HP14x89 705 388 64 

HP14x102 810 445 64 

HP14x117 929 511 65 
 

 Pier 2 Pile Capacity/Length Table 

Pile Type Nominal Required Bearing Factored Resistance Available  
(Kips) 

Estimated Pile Length 
 (Kips) (Feet) 

HP12x53 418 230 64 

HP12x63 497 273 65 

HP12x74 589 324 65 

HP12x84 664 365 65 

HP14x73 578 318 64 

HP14x89 705 388 65 

HP14x102 810 445 65 

HP14x117 929 511 66 



 
 
 

 
 



 

 
Bureau of Materials:   The settlement for a 2:1 side slope is about 3.5 inches. It will be a little higher for 3:1 
and 4:1 embankment side slopes, but I have not run those scenarios yet.  I am assuming that, at the very least, 
wick drains will be needed to meet the construction schedule.  A spacing of about 5 ft in a triangular pattern 
should be able to achieve 90% primary consolidation in about 3 months (please refer to the graph below). 
 



 

 
 

 
Bureau of Materials:  Below is the summary table of the slope stability analyses run so far. Because the high 
seismic load in this area is resulting in FOS less than 1, I ran Newmark Analyses to estimate the 
deformations.  To do this I had to pick example earthquakes that appeared to be close to the site’s peak 
horizontal ground acceleration of 0.343.  The Imperial Valley quake had a PGA of 0.313 which is just slightly 



below the site’s 0.343, and the Mammoth Lakes quake is at the higher end of the range with a PGA of 
0.416.  So, vertical deformations at this site should be slightly higher that the Imperial Valley quake loading 
deformation values.   

Slope Stability Analysis Summary North Approach Embankment & Abutment Using Borings D and 

B-1ST at Station 578+24 

 
Location of 

Analyses and 
Assumptions 

(2) 
 

 
Embank. 
Height 

 
(feet) 

 
Slope 
(H:V) 

 
Critical 
Failure 
Surface 

Elev. 
(feet) 

 
Failure 
Surface 
Circular/ 

Block 

 
FOS 

(Bishop/ 
Janbu 

simplified 
Method) 

Seismic (1) 

Critical 
Failure 
Surface 

Elev. 
(feet) 

Failure  
Surface 
Circular/ 

Block 

FOS 
(Bishop/ 
Janbu 

simplified 
Method) 

Undrained (Short Term) Condition (3) 

End Slope 
(North 
Abut.) 

17.2 Var. 370.7/ 
370.7 

Circular 1.445 1.497 370.7/370.7 Circular 0.640 0.628 

Sta. 578+75, 
Right side 
(PR) 

17.2 2:1 370.7/ 
370.7 

Circular 1.542 1.589 370.7/370.7 Circular 0.747 0.734 

Sta. 578+75, 
Right side 
(PR) 

17.2 3:1 370.7/ 
370.7 

Circular 1.782 1.784 370.7/370.7 Circular 0.772 0.758 

Sta. 578+75, 
Right side 
(PR) 

17.2 4:1 370.7/ 
370.7 

Circular 2.117 2.101 370.7/370.7 Circular 0.834 0.815 

Drained (Long Term) Condition (3) 

End Slope 
(North 
Abut.) 

17.2 Var. 372.0/ 
343.6 

Circular 2.305 2.129 343.6/343.6 Circular 0.813 0.766 

Sta. 578+75, 
Right side 
(PR) 

17.2 2:1 371.6/ 
370.9 

Circular 2.314 2.235 343.6/343.6 Circular 1.152 1.046 

Sta. 578+75, 
Right side 
(PR) 

17.2 3:1 370.7/ 
370.7 

Circular 2.732 2.609 343.6/343.6 Circular 1.120 1.016 

Sta. 578+75, 
Right side 
(PR) 

17.2 4:1 343.6/ 
343.6 

Circular 3.162 2.879 343.6/343.6 Circular 1.102 0.995 

Note 1: A peak horizontal ground acceleration of 0.343 was used for the seismic analyses. 
Note 2: A preliminary cross section for Station 578+75 was not available and an existing ground elevation of 

376.7 ft. was assumed for the side slope analyses. The profile and scoured streambed profile were 
used for the existing ground surface elevations of the end slope analyses. Both Janbu simplified and 
Bishop simplified methods were performed for circular failure. 

Note 3: Soil strength parameters used for the Undrained (Short Term) condition and Drained (Long Term) 
condition are available from the Bureau of materials upon request 

 

Newmark Analysis Seismic Slope Stability Estimated Vertical Deformation Summary for North  

Approach Embankment & Abutment Borings D and B-1ST at Station 578+24 (PR) 

 
Location of 

Analyses and 
Assumptions 

(2) 
 

 
Embank. 
Height 

 
(feet) 

 
Slope 
(H:V) 

Imperial Valley Earthquake  
Estimated Newmark Vertical 

Displacement (in.) (1) 

Mammoth Lakes Earthquake  
Estimated Newmark Vertical 

Displacement (in.) (1) 

Critical 
Failure 
Surface 

Elev. 
(feet) 

Failure 
Surface 
Circular/ 

Block 
 

(Bishop/ 
Janbu 

simplified 
Method) 

Critical 
Failure 
Surface 

Elev. 
(feet) 

Failure  
Surface 
Circular/ 

Block 

(Bishop/ 
Janbu 

simplified 
Method) 

Undrained (Short Term) Condition (3) 

End Slope 17.2 Var. 370.7/ Circular 0.904 0.993 370.7/ Circular 1.664 1.824 



(North 
Abut.)  

370.7 370.7 

Sta. 578+75, 
Right side 
(PR) 

17.2 2:1 370.7/ 
370.7 

Circular 0.369 0.401 370.7/ 
370.7 

Circular 0.754 0.838 

Sta. 578+75, 
Right side 
(PR) 

17.2 3:1 370.7/ 
370.7 

Circular 0.095 0.124 370.7/ 
370.7 

Circular 0.408 0.464 

Sta. 578+75, 
Right side 
(PR) 

17.2 4:1 371.1/ 
371.1 

Circular 0.028 0.043 370.7/ 
370.7 

Circular 0.169 0.203 

Drained (Long Term) Condition (3) 

End Slope 
(North 
Abut.) 

17.2 Var. 343.6/ 
343.6 

Circular 0.062 0.125 343.6/ 
343.6 

Circular 0.158 0.243 

Sta. 578+75, 
Right side 
(PR) 

17.2 2:1 N/A  N/A N/A N/A  N/A N/A 

Sta. 578+75, 
Right side 
(PR) 

17.2 3:1 N/A  N/A N/A N/A  N/A N/A 

Sta. 578+75, 
Right side 
(PR) 

17.2 4:1 N/A Circular N/A 0.000 344.5 Circular N/A 0.015 

Note 1: Imperial Valley 1940 example quake uses a peak ground acceleration (PGA) of 0.313 for a 
magnitude 7 earthquake with a 24.1 second duration. The Mammoth Lakes-1 1980 example 
earthquake uses a PGA of 0.416 for a magnitude 6.1 earthquake with a 9.2 second duration.  

Note 2: A preliminary cross section for Station 578+75 was not available and an existing ground elevation of 
376.7 ft. was assumed for the side slope analyses. The profile and scour analysis streambed profile 
were used for the existing ground surface elevations of the end slope analyses. Both Janbu 
simplified and Bishop simplified methods were performed for circular failure. 

Note 3: Soil strength parameters used for the Undrained (Short Term) condition and Drained (Long Term) 
condition are available from the Bureau of Materials upon request. 

 



 
Figure of end slope failure surfaces with FOS < 1.0 (Bishop simplified method) for seismic load of 0.343 for 
undrained condition. 
 

 
Figure of end slope failure surfaces with FOS < 1.0 (Janbu simplified method) for seismic load of 0.343 for 
undrained condition. 
 



 
Figure of end slope failure surfaces with FOS < 1.0 (Bishop simplified method) for seismic load of 0.343 for 
drained condition. (Note that the orange soil layer is a soft layer (c=500 psf undrained) encountered in the soil 
boring below the depth of the Shelby tube boring, so it is modeled in the undrained condition. The layers with 
the dots are modeled in the drained condition.) 
 

 
Figure of end slope failure surfaces with FOS < 1.0 (Janbu simplified method) for seismic load of 0.343 for 
drained condition. (Note that failure surfaces are occurring in soil layers derived from the soil boring data below 
the depth of the Shelby tube boring, so they are modeled in the undrained condition.  The layers with the dots 
are modeled in the drained condition.) 



 
Figure of end slope failure surface (Bishop simplified method) for Newmark Analysis with the Imperial Valley 
earthquake loading for undrained condition.  
 

 
Figure of end slope failure surface (Bishop simplified method) for Newmark Analysis with the Imperial Valley 
earthquake loading for drained condition. (Note that the orange soil layer is a soft layer (c=500 psf undrained) 
encountered in the soil boring below the depth of the Shelby tube boring, so it is modeled in the undrained 
condition.) 
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Boring Locations to be Plotted on TSL 



 

 
 



 



 



 



 



 



 

  



 

 



 



 



 
 
  





 
 

 


